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(54) Angular position transducer with offset magnetic transducer 

(57) An angular position detecting apparatus using 
a magnetic detecting element, which can voluntary 
widely set an output change characteristic of the mag- 
netic detecting element with respect to angular posi- 
tions. The apparatus includes a cylindrical or elliptical 
yoke (11), and a magnet (12) fixed to a predetermined 
position in the cylindrical yoke. A magnetic detecting 
element (13), which is fixed to a rotor, is provided in a 
magnetic field generated between the magnet and the 
cylindrical yoke, so that a position of the magnetic 
detecting element is shifted from a rotation axis P of the 
rotor by a predetermined distance r. A ferromagnetic 
thin film magnetic resistance element applies a mag- 
netic field which has intensity so that outputs from the 
elements are saturated. As a result, the magnetic 
detecting element generates outputs depending only on 
a magnetic flux detection angle 8s independent of an 
influence of changes of magnetic field intensity due to 
temperature changes. In this case, when at least one of 
a rotation radius r of the magnetic detecting element 
and a radius R of the cylindrical yoke is voluntary deter- 
mined, an output change characteristic of the magnetic 
detecting element can be voluntary set. Several mag- 
netic detecting elements (13) are used to achieve a 
broad linear region. The region around zero is used for 
high accuracy. Application with a throttle valve. 
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s [0002] In this kind of angular pS k H cSng apZ uf an Zuf J ^7 * d8teCting element - 

example, JP A 61 -75213 (see FIG 22) has tarn Z S k angular position detecting apparatus as shown in, for 
cylindrical magnet 1 ,s JgnetizLd I "ha W** - 
is positioned at a center Dortion of thP m-nnJ? t-T , P lel tnerein - A ma 9netic detecting element 2 

tion of the target Si SuTi II* ™ 9 f ma9 " 6tiC '* r ° tated in response t0 a «*- 

«> changed. An output signa ^mthe^agTeSc SSJISSTT *" C -° SSi ' 19 ** magnetiC d6tecting e,ement 2 * 
flux. The angular position em of the 3S5SS?2£jSS5i f^** Pr ° POrti ° n t0 the amount of the ma 9 ne «c 
detecting element 2. 9 JSCt ' S deteCted based on an the out P"t signal from the magnetic 

output change characteristic of th maonSta d^fn 3 dete ^ ble ran 9 e of the angular position 9m is expanded, an 
linearly changed within S^^^SST"* "* * P " Hon ° m needs to ba 

based on a trigonometric Son As a resu *£Z£E T 9 the magnetic detec «ng element 2 decreases 
with respect to the angular posMon 2 21 aTe ^25 characteristic °' *. magnetic detecting element 2 
8A). As a result, according to the SSiSlSlI^IlTS T °" ^ '^^etrb function (see FIG. 
range of the angular position Gm Therefore the cuC^n Sem '-" near 0ut P ut can be ob ^ined within only a narrow 
respect to the angular position 6m becomes bad and t iTS? V? " *• detectin 9 element 2 

[0005] This invention has been Sed EE££ESS ""21" ^ 3ngular P° si «°" em ^comes narrow. 
^ an angular position detecting apparatu ^whfe car! ^on^ £2 7 ^ a ° d ° bject is t0 P rovide 

detecting element wrth respect to the angu £ Do^£ w2 J ST" ^ characteristic °' the magnetic 

t ristic of the angular position 9 P * ^ ™ 9e 3nd whicn can im P rov * * detection charac- 

from a rotation axis of a rotor In this case a Tre£ 1^1^^ thS ma9 " etiC detectin 9 element fe 0 «set 

detecting element and angula p^^S?S^^ " ? °' magnetiC flUX Cr ° SSing tne ma 9"*ic 
of the magnetic detecting Lmenmlrelpect to tn^ Pouter ™£ US ' n9 T ™ 0UtpUt Change "^eristic 

tion characteristic of theangu.ar jZtZE h^3 ' * """^ wW * 86t 3 resutt " a dat - 

-nlgu^^^ 

an output change characterise of' 2 ^n^VolZ 9 h t £ ^ * * ^ * deteCtable an 9 ,e ran 9*. which 
= edcompared toacasewhe^ linear, can be considered 

position at which defection accureiTeSlml reaS tSJ? f h UbStant ^." y Zero at around a P^cu.ar angular 
using the magnetic detecting element .^SEJSLSS^^S^^- T*? n, ' n ^ to *" """^ port,on 
element becomes zero. This is becau^ Sit Teri7h? 0 ^ f ^ Wh6re the ° UtpUt ° f the ma 9 netic detectin 9 
the center of the linear region of ST^^J^SE* ma9neti ° det6Cting e ' ement becomes 2ero 
put of the magnetic detection S rem 2^ i T beC ° mes the best F "rthermore, when the out- 

becomes smal! Thereforejlenc^ ZZZl ^Z^ '"T* dUe t0 3 thermal characteristic 

at around a particular angular posSo TafwhTch detcfltn Su^T ^ ^ ' th6rma ' characteristic b ^mes small 
acteristic of the angular position ^oelmpre^ Cy rec > uired - As • a detection char- 

ItodTof t^^^SSt^ 1 th6 PreS6nt invention wi " be *«" a 

tion. In the drawings same dSI JI a PP anded cla| ms. and drawings, all of which form parts of this appllca- 

r dundantexprnl^rthe^gs C ° rreSP ° ncBng P ° rtions are P- *. same numerals each other to eliminate 

^VS'^t2&;" mi,n POrti ° n ° f " an9U ' ar P0Sm ° n d8teC,ing apparatUS - a ** embodiment 
FIG. 2 is a vertical sectional view taken along a line 11-11 in FIG 1 • 
FIG. 3 is a circuit configuration of a magnetic detecting element; ' 
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FIG. 4 is a diagram illustrating a relationship b tw en an angle 6s of magnetic flux crossing the magnetic detecting 
element and a magnetic flux detecting element; 

FIG. 5 is a diagram illustrating a relationship among a rotor angular position 6m, a magnetic field angle 6], and a 
FlSe" a change charact ristic of the magnetic field angle 6j with respect to the rotor angular 

RG^is^diagram illustrating a change characteristic of the magnetic flux detection angle 0s with respect to the 
rotor angular position 6m; 

FIG. 8A is an output waveform of a conventional magnetic detecting element; 

FIG 8B is an output waveform of a magnetic detecting element of this embodiment; 

FIG*. 9 is a diagram illustrating a deference between a magnetic field conversion of this embodiment and a simple 

proportional conversion; . ^ 

FIG 10 is a diagram illustrating a reason of improving a linearity of output from the magnetic detecting element as 

a result of .magnetic field conversion of this embodiment; , . , 

FIG. 11 is a diagram illustrating a relationship between a rotational radius r of the magnetic detecting element and 
a change characteristic of the magnetic flux detection angle es; 

FIG. 1 2 is a diagram illustrating a relationship between a rotational radius r of the magnetic detecting element and 

an output change characteristic of the magnetic detecting element; 

FIG. 13A is a plan view illustrating a main portion of an angular position detecting apparatus of a second embodi- 
ment according to the present invention; 

FIG 13B is a vertical sectional viewtaken along a line XIIIB-XIIIB in FIG. 13A; 

FIG*. 1 4A is a plan view illustrating a main portion of an angular position detecting apparatus of a third embodiment 
according to the present invention; 

FIG 1 4B is a vertical sectional view taken along a line XIVB-XIVB in FIG. 1 4A; 

FIG*. 15A is a plan view illustrating a main portion of an angular position detecting apparatus of a fourth embodi- 
ment according to the present invention; 

FIG 1 5B is a vertical sectional view taken along a line XVB-XVB in FIG. 1 5A; 

FIG. 16 is a vertical sectional view illustrating a main portion of an angular position detecting apparatus of a fifth 
embodiment according to the present invention; ^ flm h Ar ii m0 nt 

FIG. 17 is a vertical sectional view illustrating an angular position detecting apparatus of a sixth embodiment 
accordinq to the present invention; . 
FIG. 18 is a vertical sectional view taken along a line XVIIl-XVIII in FIG. 17, when a magnet and a cylindrical yoke 
are rotated to a clockwise with respect to a substrate; . lirw ^ Q , 
FIG. 1 9 is a vertical sectional view taken along the line XVIIl-XVIII in FIG. 1 7, when the magnet and the cylindrical 
yoke are rotated to a counterclockwise with respect to the substrate; 
FIG 20 Is a vertical sectional viewtaken along the line XX-XX in FIG. 17; 

FIG*. 21 is a vertical sectional view illustrating an angular position detecting apparatus of a seventh embodiment 
according to the present invention; 

FIG 22 is a plan view illustrating a conventional angular position detecting apparatus; 

FIG". 23 is a vertical sectional view illustrating an angular position detecting apparatus of an eighth embodiment 
according to the present Invention; . . . 

FIG. 24 is a plan view illustrating a relationship of arrangements of the yoke, the magnet, and the magnetic detect- 
ing element of the eighth embodiment; _ . 
FIG. 25 is a plan view illustrating a relationship of arrangements of the yoke, the magnet, and the magnetic detect- 
ing element of a ninth embodiment; 

FIG 26 is a vertical sectional view taken along the line XXVI-XXVI in FIG. 25; 

FIG. 27 is a block diagram illustrating a process circuit for the output of two magnetic detecting elements of the 

ninth embodiment; xl . . 

FIG. 28 is an output waveform of the two magnetic detecting elements of the ninth embodiment, 
FIG. 29 is an output waveform of two amplifiers of the ninth embodiment; 
FIG 30 Is an output waveform of two offset circuits of the ninth embodiment; 
FIG 31 is a final output waveform of the magnetic detecting apparatus of the ninth embodiment; 
FIG. 32 is a plan view illustrating a relationship of arrangements of the yoke, the magnet, and the magnetic detect- 
ing element of a tenth embodiment; * + U a+0 nth 
FIG. 33 is a block diagram illustrating a process circuit for the output of the magnetic detecting element of the tenth 

embodiment; 

FIG. 34 is an output waveform of the magnetic detecting element of the tenth embodiment; 
FIG. 35 is an output waveform an amplifier of the tenth embodiment; and 
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FIG. 36 is a final output waveform of the magnetic detecting apparatus of the tenth embodiment. 

[001 0] Hereinafter, a first embodiment of the present invention will be explained with reference to FIGS 1 to i ? At 
of a maonetm 0 *" 7"T '» Mb " be eXp,ained Terence t FIG 1 A yote 1 1 is made 

ROTOR ANGULAR POSITION 9m > MAGNETIC FIELD ANGLE 9j > MAGNETIC FLUX DETECTION ANGLE Gs 
As°shown tZSTSl '"th 6 ab0V6 ' ^ ° UtPUt fr0m th6 ma9netiC d6teCting e,ement 13 is Proportionate to sin2 6s 
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range of the rotor angular position 6m. As a result, the output change characteristic of the magnetic detecting element 
2 wtth respecttothe rotor angular position 9m becomes bad andthe detectable angle range of the rotor angular posit.cn 
Gm becomes narrow. 

[0017] On the contrary, according to this embodiment, as described in the above, the magnetic flux jetton angle 
6s becomes smallerthan the rotor angular position 6m (first point), and the linearity of a wave form itseK o f the magne tic 
detecting element 13 can be improved as described later (second point). Therefore, the linearity of the output from the 
magnetic detecting element 1 3 can be secured within considerably wide range (see FIG. 8A). _ 
[p018] Next, an improvement of the linearity of the output waveform, which is the second point for .mprovmg the lin- 
earity of the output from the magnetic detecting element 13, will be explained. . , 
[00191 It is assumed that the magnetic flux detection angle 9s and the rotor angular position 6m have a relationsh.p 
of es=em/3 (see FIG. 9), the output from the magnetic detecting element 13 becomes a trigonometric funct.cn propor- 
tionate to sin(2 • 9nV3) . This structure can expand the detectable angle range of the rotor angular position 6 m, how- 
eveUhe structure can output only the semi-linear output. Therefore, it cannot say that this structure .mproves the 

KS? ° f Sn the^trary, according to this embodiment, as shown in FIG. 9, the relationship between the magnetic 
flux detection angle 6 s and the rotor angular position Gm is not simple proportional relation shown as A but is e > non- 
I nearity relationship shown as B. That is, when the rotor angular position 9m is small, a conversion rate o he magne tc 
ux detection angle 6s is large; whereas when the rotor angular position 6m is large, the convers.on rate of the magnetic 
ux detection angle 9s is small. A reason of this is as follows. As shown in FIG. 5, magnetic field occurs between the 
magnen 2 and the cylindrical yoke 1 1 does not spread uniform*, but changes in accordance with the rotor angular 
posWon em An amount of chafing of the magnetic field angle 9j is firstly small in accordance with he rotor angular 
posftion, and is gradually increased as it approaches 6m=90 degree. As a result, when the rotor angular PO^™ »™ ■ 
small tne conversion rate of the magnetic flux detection angle 9s (= rotor angular pos.t.on 9m - magnetic field angular 
en to island the conversion rate of the magnetic flux detection angle 9s becomes small as the rotor angular pos,t,on 
9m increases This leads to improvement of the linearity of the output of the magnetic detecting element 1 3 
[0021] Specmcally, as shown in FIG. 1 0, since the conventional output is represented by the trigonometric unction 
an inclination of a linear region A is large, and inclinations of linear regions B and C gradual* decrease as the rotor 
angular position em becomes further apart. On the contrary, according to this embodiment, within a 

magnetic flux detection angle 6s changes so that an inclination of the output becomes smaller than that of the i conven 
tToTolu? Furthermore within regions B" and C" at both sides of the linear region A', the magnetic flux detection 
angte 9sSanges so that each of theinclinations of the outputs becomes larger than that of the conventjona ou^ute. 
As a result the regions B' and C positioned at both sides of the linear region A' also becomes l.near regions that con- 
tinues to the linear region A, and therefore the linearity of the output from the magnetic detecting element : 13 ca .be 
secured at considerably wide range, and the detectable angle range of the rotor angular position e m can be consider- 
35 ably expanded compared to the conventional one. «,„o,,i«r 
[0022] Incidental* the relationship between the rotor angular position 9m and the magnetic flux detect on angular 
es changes based on the rotational radius r of the magnetic detection sensor 1 3 (an amount of shrft r from ^otet.on 
axis P) as shown in FIG. 11. Specifically, the larger the rotational radius r of the magnetic detecting element 3 
Scomes tte smailer the magnetic flux detection angle 9s becomes. Sinc^ the output from the magnetic dete^ng e^ 
40 ment 13 becomes large in accordance with the change, when the radius r of the magnetic detecting element _ 13 
changes, the output from the magnetic detecting element 13 also changes. Therefore, as shown in FIG. 12 the ^output 
change characteristic of the magnetic detecting element 13 can be changed by changing the rotat .ona radws r ^of the 
magnetic detecting element 13. Thus, the output change characteristic can become l.near, and can also be set to a 
curve havlna an upper convex or a curve having a lower convex. 
45 ?0u23 l Furthermore, the relationship between the rotor angular position 9m and magnetic flux detection angle es 
also changes based on the radius R of the cylindrical yoke 1 1 as well as the rotational radius r of the magnetic detecting 
element 13 Therefore, when one of the rotational radius r of the magnetic detecting element 1 3 and the rad.us R of the 
cylindrical yoke 1 1 is optionally determined, the output change characteristic of the magnetic detecting element 1 3 can 
optionally determined to any one of the linear, the curve having upper convex, or the curve having lower convey 
[0024] Here, the cylindrical yoke 1 1 is applied in the first embodiment, however, a shape of the yote may be 
changed to an ellipse shape by arranging a ratio of internal radiuses X and Y such as yokes 1 4 and 15 shown ■ FIGS_ 
13 and 14 as asecond and athird embodiment, respectively. Furthermore, the shape of the yoke 16 may be changed 
to a circular arc (one part of a cylinder) or to an ellipse arc (one part of an ellipse cylinder), as shown .n F G J5 as. a 
fourth embodiment. In short, an internal surface of the yoke is set to a curved surface hav.ng a gentle ^d.us of curva- 
ture, so that magnetic filed distribution is gradually changed in proportion to the rotor angular posrt .on enr Here in Mjie 
embodiment as shown in FIG. 15, one pole of the magnet 12 is fixed to a magnetic c.rcurt formation member 17 that .s 
provided at th yoke 1 6, and another pole of the magnet 1 2 is confronted wfth the center position of the yok 6 
[0025] Furthermore, in the above embodiment, the center of the yoke and the rotation axis of the magnetic detect- 
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ing element 13 (rotat.cn axis) are matched each other, however, these are not needed to be matched. Her it is pref- 
erable to arrange so that the one pole of the magnet 1 2 is positioned toward the center portion of the yoke As a result 

SIS: ( f ireCti ° n intenSity) 0CCUrrin9 betWeen the magnet 12 and the K b^symmet 
ncal with respect to the center line connecting the magnet 1 2 and the center of the yoke 

M ° re °™' m f Ch ° fth mbodimente .th magnetic detecting element 13 does not n ed to be arranged at 
the inner space of the yoke. As shown in FIG. 16 as a fifth embodiment, the magnetic detecting element iTmay be 

% Zl7ZVT P °T 01 T VOke 1 8 " ar ° Und rSar P ° rti0n there ° f - ln Sh0rt ' »• ™9-tic detelg eZent 
13 may be arranged anywhere as long as it is arranged in the magnetic field generated between the magnet 12 and the 

' the 02 mLnet!c Z7^T T^*! ° f the magnet 1 2 chan ^ ™Snetic field intensity changes without changing 
the magnetic flux angle es. However, when the output from the magnetic detecting element is changed as a result of 

calTerl rnSf i e T "J f" t0 detec «—,ue of the magnet ll £££ 

change ?S. magnet 12 ' " t0 ^ *" Cha " 9e " <» ™° n «* field *• » *» temperature 

: ^? ref r e> aCC ° rding 10 6aCh ° f the embodim ents, it is preferable to apply magnetic field having intensity so 

Trt VT^ MS> by USing the ferroma 9" etic thin film magnetic resistance element as the maZfcSina 
T£ > ma9netiC fie ' d haVing intenSity 80 that the 0Ut P"t sat ^tes is applied, the 
S,d7nS;r^ em f nt 9enera !fr ut P uts de P endi "9 the magnetic flux angle es. independent f the m!g 
net.c field intensity. Therefore, even if the magnetic field intensity is changed due to the temperature chances oTth* 
magnet 12, the magnetic flux angle 6s can be accurate* directly detected without «JSgT^^^Toli,» 

le^rc^ 

maSL fi S W nT r ' L" ? 6 inVenti0n, 3 magnetic detectin 9 element that generates outputs in proportion to 

3?^SX!Z, 0n " 38 3 Ha " element ° r a inductor magnetic\sistan^e P elemen° 

Mto restetan^^^ I™"* magneti ° f ' UX different from the Magnetic thin film mag^ 

l*Z SSt aleme i nt s- Therefore, when one element is used, two elements may be perpendicularly arranged wi?h 

SSoi Furthel?i C T e ^ an ?,° f ma9netiC f ' UX baS6d °" 3 rati ° ° f 0U, P" te f ™ eac " element 9 
rylandrm^t'^ 

to RGS ! 7^ I^l emb0diment in which the Present invention is further specified will be explained with reference 
to FIGS. 17 to 20. A rotation shaft 22 (rotor) of a target detection object such as a throttle valve is rotataTsuoDorJad 

s ZTo SST ar P TT IT 08,19 apparatus via a bearing - A cylindrica ' y ° ka 24 SltLuTsC 

is fixed to a tip portion (right edge portion) of the rotation shaft 22 by using swaging or the like At a oredeterminpd !• 
t|on of an inside portion of the cyiindrical yoke 24. a magnet 25 such as^ ^^^S^S^Z 
Tnl ; Tha ma9n6t 25 18 ™gnetized along a radial direction of the cylindrical yoke 24, such that an S pole teposi 
IZtn Z 3 t ent T P0 T n ° f the CylindriCal y ° ke 24 and an N -P° ,e ls ^acted with he cylindrical yoke 24 Here 
rnnS N " P ° ,e ° f ,he ma9net 25 mav te exchanged therebetween. * ' 

. P '" ra ' throu9h no,es for Panting short-circuit of the magnetic flux are provided to a left side portion of the 

E?5L A , co ; nec,or i hoiJsln 9 28 is assembled to a right side portion of the main housing 21 so as to cover an open- 
^g of the cyhndncal yoke 24. A substrate 29 for wiring is fixed to an inner side of the connedor^us,^ 28 bv res^n 

lose cente N iSSL 1 detecting elements 30 is arranged on a circumference of radius r 

wnose center is the rotation axis of the cylindrical yoke 24 with an angular pitch of for examole 90 don™ p a ^h «f L 

T?T ? TT* 30 iS 3rranged ' n the ma9netiC ,ield aenara ted P be 

£ f I" 1 ^ embodiment, each of the magnetic detecting elements 30 is selected from the L omag 

netlc thrn film magnet.c resistance element, and magnetic field having intensity so that the output of h* ^ZZ 
rates ,s apphed thereto. As a result, each of the magnetic detecting elements 3o generates output S t the 
nX 1 dePendin9 ° n ° nly th8 magnetic f,UX detec t ion a "9te es independent of le SnlZ ™ he man 

dP ^Lh ^ ma9netiC det6Cting e,ementS 30 are a PP ,ied ,lke •* c ^e, the rotor angula Son 6m caTbe 

detected w, h ascertam.ng whether there is abnormality or not by comparing the magnetic flux angtes 0s deterted bv 

%E5T 1 9 e ' emente 3 °- An inPUt/ ° UtpUt termina » ° f each magnetic det ec?ng element 2 Z Snnicted to a 
termmal 32 in the connector housing 28 via a wire pattern of the substrate 29 connected to a 

Sise ^^H^r^T^ in WhiCh thS magnet 25 the c y ,indrical V° ke 24 af e rotated toward a 
f ^ f, 19 Sh ° WS a " eXamp,e in wnicn the magnet 25 and the cylindrical yoke 24 are rotated 

toward a counterclockw.se direction. In each of these cases, the substrate 29 has a notch at a portbn imaspondTno to 
a rotation range of the magnet 25 so that the magnet 25 does not touch the substra! 29 corresponding *> 
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rotation shaft 43 which is fixed to the connector housing s f^Z!^S^^^ shaft 43. A spring washer 45 
rial. A stopper plate 44 prevent the rotation the stopper plate 44 and 

for restricting a movement of the rotation ever along » *™2^.^ 8 ^^ dh8cBon by « twist coil spring 46, and 

portion) so that the yoke and the magnet are Integrally rotated or ^Pt a "on i ox ^ 
She magnetic detecting eiement -y be «xed^o -me «lde J - ^ e)gnth embodlment ln 
magnetic detecting element are Integrally rotated or kept a _non ro ™° H rtjons witn are su b- 

which this mediation is *V££** S-^S'"*-' the eXp,anat ''° n - 

stantially the same as those of the s.xth embod.men {FIG. 7) i a« ' ™ connector housing 28 by insert- 

[0039] In the eighth embodiment, the cylindrical yoke 24 is fixed to nside of jna > con a 
forming orthe like, the cylindrical yoke 24 is ^^J^^^Si Jelto a^surface of a tip por- 
magnetic materia. Is fixed to the tip port °"°^ e surface of the cylindrical yoke 

tion of the arm 51 by using adhesive orthe like^The magnet 25 « ~ n ™n cylindrical 
24 with a small gap interposed therebetween. The "^^"£^2^% 24 and an N-po.e is con- 
yoke 24, such that an S-pole is positioned toward •^^^J^^SSdl the magnet 25 is formed in a 
tacted with the inner surface of the cylindrical yoke 24 An N-pote magnetized ^ su ^ e ° T tn ^ net 25 

circu.ararcshape so asto reduce gap (magnetic ^^J^J^^^^S may be exchanged with 
and the cylindrical yoke 24. Here, pontons o the S-pole and the n po.e nousing 28 is arranged in 

he magnetic field in the yoke 24, independen of whether the yoke 2 ^rotates ^ not. . ^ ^ 

resistance between the magnet 25 and the ^^^^^ZZ!Z^ as that of the case 
surface of the cylindrical yoke 24, it can form a magnate ftel d hav ^^7^ etlcfleldwitn reS pecttothe mag- 
where themagnet25 is fixed to the cyrmdncalyoke24^^ angular position can be 

^r^r^n the eighth embedment, th^ 
the shape of the yoke may be one part of a cylinder. In f^^^^^^ angle range. Furthermore, the 

ninth embodiment, as shown in FIGS. 25 and 28. a eylinancoi |wn incidental* Wo magnate detecting ele- 

flxed to a rotor (ncshown) that le ooonactad ,0 thai ' J** " ths „ te are arranged on 

^^^^^ 

acteristic becomes linear (linear region) Is different from each other on center |M 

[0043] It assumes that an angular postoon when ^^^^E^- Po«^ direction of the angular 
XXVI-XXVI, as shown In FIG. 25, is 0 degree, and that a cc < ^^^^ t ^ 54 shows a minimum at -90 
position, in this case, as shown in FIG. 28, outputs of the « ^^^J^, anothe r magnetic detecting 
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Z\ o oZt°: nrs^ r o 5 rr rr- waveform but whose pha - - 

K m££2X£ t; ^r G °TA«nr t neti< ; det T, 9 elements 54 and 55 are respectiv ^ - p »- 

Each amount of offsets a and b fs ^SDacte^ddS o th 7 ( f I" 1 ? ^ amP " fierS 56 and 57 are set t0 be ec A 
magneto deteoting element 54 ^"^^^^^SSS^SrS SSE^ 6 ? ^-nP 1 "- oulputof i«h 
side (FIG 30). One of outputs from the offset ?1 I' °> f . ° UtpUt ' S 0ffS6t t0 3 positive volta 9 e 
selected by an output selector 60 toutouSe^nn mf 1 1 T J- 0U,F>UtS fr ° m the magnetic detectin 9 e,e ment) * 
the amounl of offsets ^C^SSSSSS- « ' 3" " !f 3 ,ina ' SenSOr 0UtpUt (FIG - 31 >" Each ° f 
netic detecting elements 54 and 56 I ■ InS Lh « .^fr" determined s ° ma»he offset outputs from the mag- 
elements 54 a'nd sZ TsetSd by th ""It ^ X^T" ^ ^ ™ 9 ™« C detectin 9 

position. Thereto*, when only oS olX TtS „Si^ff 9 to °° meS * e "™ " di " eren < »"9ui» 

ments 54 and 55. Here, the output selector 2 fn^Zl S h ^ ffS6t ° UtpUtS ° f the ma 9 netic detectin 9 ele- 
detecting e.ements 54 and 55 £S comparing a sum or the SSZSXt ^ 9 "V" ^ ° UtPUtS ° f *• magnetic 

*5 reference value S3 for output switching ^h* Wii f W ' th 3 reference Value Sa ln this cas *. »• 

ment55. Therefore when the^m o^ thi ot^nl t T ° f ° ffSet ° UtpUtS of the ma 9 netic Wie- 

the offset output from tn ^TS^^SST? " ? 'ST" V " U ' 83 ° r ,6SS ' the ° Utput selector 60 ****** 
more than reference £ u <° the o'utout setecfor « £2 f 1 T* ^ ** SUm ° f the 0ffS6t ° Utpute is tbe 
ments 55. Here, the reference ^^^S^fSS^ T ^ det6Ctin 9 ele " 

30 degree) is investigated, and the reference ^^^^^^^ T0 ^^ 0 ^^^P^(^ 
amplification, the offset and he con^ion o the ouSfrnml? d ° V** ^ ° f the inves «9ated value. The 
alized by using hardware or by iSZEj J lE^ 6 ma9net ' C 6lementS 54 and 55 •» 

ES 55 el^wh SK^^EC ""r r69i ° nS A B ° f th6 tt "° date «"9 e.ements 

angular range) in h ufe ^2^' ^ T" 8 ! * angU ' ar < detectab,a 

(detectable angle range) can be d^Sly expSS P0Srt '° n deteCting apparatUS becomes linea ' 

Sc y hSss^ss^^^ r s the magnetic --*» e,e ^ 

where the output of the magne to detecK SllT* 9 b6C ° meS Zera This fe because P°i"t 

th refore the linearity bSnS ^the bS ?u*T^ T^f f ° ' S Centerof the ""ear region of the outputs and 
th maanetic te^ nn ^ZirJTT r"'"'™ 6 ' Wnen the out P ut of the ™9netic detection is zero, influence to 
a thermal characteristto o ^ magnetic dSni e ^ • 6C ° meS Sma ' L Conventional| y. an output error due to 
However, it is quite difficult t Zd tel , 7?^ by USi " 9 a thermal compensation element. 

of a variation of the ^I^^jS^^Tt^r th6rma ' CharaCteriStb * m b6CaUSe 
detection accuracy becomes the best 2 ?th? ^1133? com P ensation element. Therefore, the 

detecting element becomes zero. 9 ran9e 8t the P ° int Where the 0Ut P ut of tne 

magnetic 

sa the'^r/etfrg is^jn^iis r °rr f s r n in figs - 32 to 3e - the 

becomes zero at a particular anodaToosftton ™Tl ? ^ ° f magnetic detectin 9 eleme "t 5< 
required. Furthermore, inZteZZZTZ oZTrtt J I ^ f ^ 1,16 det6Cti0n accurac y is «™V 
"sensor") wfth a required outpu cLnge ^r4S deteCtin9 apParatUS (her6inafter ' cal,ed 

the amplifier 61 (see FIG. 35) oZ ol 7e 22? If m ^ net ' C det6Ctin9 element 54 is am P |ified « 
offset c irc uit 62 is outputted as ™ Ten^r o^^^rl ^ M 62 (RG - 36) " and 0Ut P uts ° f tb « 

a.usting.ean.Othts^^ 

[0051] ln this case, the ampliation factor of th amplifier 6! is determined by the following equations. 
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■ 

AMPLIFICATION FACTOR = [S(Gmax)-S(emin)]/tV(Gmax)-V(emin)] 



[0052] Here, S(0) is a required output of the sensor when the angular position is 6; V(6) is an output of the magnetic 
detecting element 54 when the angular position is 9; S(6max) is a maximum detected angular position; and S(emin) is 
5 a minimum detected angular position. 

[0053] Therefore, as shown in FIG. 35, an inclination of the change characteristic of the output of the amplifier 61 
(amplified output of the magnetic detecting element 54) becomes the same as an inclination of the required output 
change characteristic of the sensor. 

[0054] Furthermore, an amount of offset c of the offset circuit 62 is a difference between the required output of the 

w sensor and the amplified output of the magnetic detecting element 54. The offset circuit 62 matches the amount of off- 
set c to the amplified output of the amplifier to the final sensor output by adding the amount of offset c to the amplified 
output of the magnetic detecting element 54 to offset it to the positive voltage side. As a result, a final output change 
characteristic of the sensor can be modified to meet a specification of an external control circuit to be connected to the 
sensor without changing the specification of the external control circuit. 

15 [0055] The structure described in the tenth embodiment can be applied to other kinds of angular position detecting 
apparatus for several kinds of rotor, such as a throttle openings degree detecting apparatus that detects a throttle open- 
ing degree (an angular position of the throttle valve). A detectable range of the throttle openings degree detecting appa- 
ratus is approximately 1 00 degree, from a fully closed to a fully opened. Furthermore, the throttle opening degree during 
an idle driving is set to around 5 degree which is a fully closed position, and detection accuracy is extremely required 

20 around this throttle opening degree during the idle driving. Therefore, when the structure in the tenth embodiment is 
applied to the throttle opening degree detecting apparatus, the magnet 52 and the magnetic detecting element 54 are 
arranged so that the outputs of the magnetic detecting element 54 becomes zero at around the throttle opening degree 
during the idle driving. As a result, the influence to the thermal characteristic of the magnetic detecting element 54 can 
be reduced to the minimum at around the throttle opening degree during the idle driving in which the detection accuracy 

25 is severely required. Hence, the detection accuracy of the angular position can be improved. 

[0056] Here, in the example shown in FIG. 34, the accuracy required point is set to around 5 degree. However, the 
accuracy required point can be voluntary determined within an available range. In each case, since the accuracy 
required point is always a zero-output point, a position of the available range is relatively shifted. 
[0057] Furthermore, in each embodiment, a magnetic shield (shelter) member may be provided to cover the open- 

30 ing of the yoke so as to eliminate an influence due to an external magnetic field to the magnetic detecting element. 
Here, when the magnetic shield member is arranged too close to the yoke, a magnetic circuit is formed between the 
magnetic shield member and the yoke, and therefore the distribution of the magnetic field inside the yoke is changed. 
Therefore, it is preferable to set a gap between the magnetic shield member and the yoke so that no magnetic circuit is 
formed. 

35 [0058] The present invention is not limited to the throttle opening degree detecting apparatus, but is applicable to 
several kinds of angular position detecting apparatus. 

[0059] An angular position detecting apparatus using a magnetic detecting element, which can voluntary widely set 
an output change characteristic of the magnetic detecting element with respect to angular positions. An angular position 
detecting apparatus includes a cylindrical yoke (11), and a magnet (12) fixed to a predetermined position in the cylin- 

40 drical yoke. A magnetic detecting element (13), which is fixed to a rotor, is provided in a magnetic field generated 
between the magnet and the cylindrical yoke, so that a position of the magnetic detecting element is shifted from a rota- 
tion axis P of the rotor by a predetermined distance r. A ferromagnetic thin film magnetic resistance element applies a 
magnetic field which has intensity so that outputs from the elements are saturated. As a result, the magnetic detecting 
element generates outputs depending only on a magnetic flux detection angle 6s independent of an influence of 

45 changes of magnetic field intensity due to temperature changes. In this case, when at least one of a rotation radius r of 
the magnetic detecting element and a radius R of the cylindrical yoke is voluntary determined, an output change char- 
acteristic of the magnetic detecting element can be voluntary set. 

Claims 

so 

1. An angular position detecting apparatus comprising: 
a non-rotation portion (21 ); 

a rotor (22) rotatably supported by the non-rotation portion for being rotated in response to a rotation of a target 
55 detection object; 

a magnet (12,25) magnetized in one direction, and provided at one member of set consisting of the non-rota- 
tion portion and the rotor; 

a yoke (1 1,24) provided at a same member of the set consisting of the non-rotation portion and the rotor, as 
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rLTrV? y ° ke 9eneratin9 ma9netiC fle ' d b6tWeen the y° ke and fta magnet;" and 

2. An angular position detecting apparatus comprising: 
a non-rotation portion (21); 

by non . roMon to(b .,„ s ^ h a ^ ^ 

from a rotation axis of the rotor and the ™„!2 I , ! T ' " he y ° ke ' the ma 9 na «° detecting element offset 
to the rotation oTthe rTr 9061,0 det6Ct,n9 e ' 6ment f ° r ° Ut P uttin 3 an out P" signal in response 

• An angular position detecting apparatus according to claim 1 or 2, wherein: 

An angular position detecting apparatus according to any one of claims 1 4 wh^.n = 
magnetic detecting element (13 30 54 ss\ from thl ™J«7 , 1 ' where,n an am °unt of offset of the 

(13.30,64,55, „ Mr , nan „ p»l e rS,l r K te "» maSTOfc *•«*■« *"»™ 

to an angola, portion 9m 0) „. rolor b 3neVfc2, °* ™ 9n,M "* MO, " ,s elem "« »" h ™P«* 

chamofcrWic ol mL 

cutve having an upper convex. * an9ular P* 1 " 0 " *" M *• ">»' ^ornes a 

to an angular pos^ion em of the rotor beLe, a cur^^^^ 

characteristic of the magneto detect m^JfiZX**" determinedso thata " output change 

curve having a lower convex. PeCt l ° angU,ar position 6m of tha ^otor becomes a 
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12. An angular position detecting apparatus according to any one of claims 1-11, wherein a radius of curvature of the 
yoke (1 1 ,24) is determined so that an output change characteristic of the magnetic detecting element wrth respect 
to an angular position 6m of the rotor becomes a curve having a lower convex. 

13. An angular position detecting apparatus according to any one of claims 1-12, wherein: 

the magnet (12,25) applies magnetic field having intensity so that outputs signal of the magnetic detecting ele- 
ments are saturated; and . , 

the magnetic detecting element (13,30,54,55) is made up of a ferromagnetic thin f.lm magnetic res.stence ele- 
ment (13a), and outputs the output signal In response to the angle of the magnetic flux crossing the ferromag- 
netic thin film magnetic resistance element. 

14. An angular position detecting apparatus according to any one of claims 1- 13 wherein P'^'^l'tatfn^s 
elements (13,30,54,55) are arranged on a common circumference whose center corresponds to the rotat.on axis 

of the rotor. 

15. An angular position detecting apparatus comprising: 

plural magnetic detecting elements (13,30,54,55) for outputting an , output signal in response to a station of a 
target detection object, each of the magnetic detecting elements having a range of an angular position in wh.ch 
an output characteristic becomes linear, the range being different from each other with respect to every mag- 

lumijutt^ outputting outputs of a particular magnetic detecting element in a linear 

region, depending on the angular position. 

16. An angular position detecting apparatus according to claim 15, further comprising: 

an output adjustor (61 .62) for adjusting at least one of an amount of offset and an amplification factor regarding 
the oulputs of the magnetic detecting elements (13,30,54,55), so that the outputs of the magnetic detecting 
elements are connected as a straight line. 

17. An angular position detecting apparatus according to claim 15 or 16, wherein: 

the output selector (60) adds up the outputs of the magnetic detecting elements (13,30,54,55) and determines 
an output switching point at which the outputs of the magnetic detecting elements are switched based on a sum 
of the outputs of the magnetic detecting elements. 

18. An angular position detecting apparatus according to any one of claims 15-17, further comprising: 

a non-rotation portion (21); 

a rotor (22) rotatably supported by the non-rotation portion for being rotated in response to a rotation of the tar- 

rmagne?(T2,25) e magnetized In one direction, and provided at one member of set consisting of the non-rota- 
tion portion and the rotor; and 

a voiced 1,24) for generating magnetic field between the yoke and the magnet, 

wherein the magnetic detecting element (13,30,54,55) are provided in the magnetic field and Provided at a dif- 
ferent member of the set consisting of the non-rotation portion and the rotor, the magnetic detecting elements 
offset from a rotation axis of the rotor, and the magnetic detecting element for outputting an output signal in 
response to the rotation of the rotor. 

19. An angular position detecting apparatus comprising: 

a magnetic detecting element (13,30,54.55) for outputting an output signal in response to a rotation of one of 
a magnet (1 2.25) and the magnetic detecting element as a result of rotation of a target detection object 
wherein the magnet and the magnetic detecting element are arranged so that outputs of the magnetic detect- 
ing element becomes substantially zero at around a particular angular position at which detection accuracy is 
extremely required 
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20. An angular position detecting apparatus according to claim 19, further comprising: 

an output adjuster (61 ,62) for amplifying the outputs of the magnetic detecting elements (1 3,30 54 55) for off- 
setting the amplified outputs, so that an output change characteristic of the angular position detecting appara- 
tus accords with a required output change characteristic. 

21. An angular position detecting apparatus according to claim 19 or 20, further comprising: 

a non-rotation portion (21); 

a rotor (22) rotatably supported by the non-rotation portion for being rotated in response to a rotation of the tar- 
get detection object; 

a magnet (12,25) magnetized in one direction, and provided at one member of set consisting of the non-rota- 
tion portion and the rotor; and a 
a yoke (1 1 ,24) for generating magnetic field between the yoke and the magnet 

wherein the magnetic detecting element (13.30.54,55) is provided in the magnetic field and provided at a dif- 
ferent member of the set consisting of the non-rotation portion and the rotor, the magnetic detecting element 
offset from a rotation axis of the rotor, and the magnetic detecting element for outputting an output signal in 
response to the rotation of the rotor. - »«n» in 

22 " t n M 9 T P °f !ti °" d Z t6( ! in9 a PP aratus accordin 9 t0 a "V °™ of claims 1 - 21 , wherein the target detection object 
element (13^% * ^ ***** * ****** ***** °" the ° UtpUtS 0f the ma 9 netic dete ^ in 9 
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